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VEHICLE INCLUDING EMBOSSED
SURFACE FOR IMPROVING

AERODYNAMIC CHARACTERISTICS, AND
FRONT BUMPER MEMBER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims priority under 35
USC 119 from lJapanese Patent Application No. 2020-
190672 filed on Nov. 17, 2020, the contents of which are
incorporated herein by reference.

The present disclosure relates to a vehicle including an
embossed surface for improving acrodynamic characteris-
tics of the vehicle, and a front bumper member.

A vehicle such as an automobile has a vehicle body, as
disclosed for example in Japanese Unexamined Patent
Application Publication (JP-A) No 20135-182496. An airflow
1s generated around the vehicle body during traveling. Air at
a traveling direction side of the vehicle body hits a front
surface of the vehicle body, and then 1s divided toward a side
surface and an upper surtace of the vehicle body and flows
along the side surface and the upper surface of the vehicle
body, and airflows join at a rear side of the vehicle body.
These airflows are one factor that hinders traveling of the
vehicle.

Therefore, for example, a corner portion from a front
surface facing a traveling direction of the vehicle body
during traveling to a side surface along the traveling direc-
tion may be structured to have an inclined surface or a
curved surface such that the corner portion does not face the
traveling direction in a vehicle such as an automobile, so that
an airflow can tlow generally along an outer surface of the
vehicle body.

However, despite of such measures relating to a shape of
the vehicle body, an airflow may not tlow 1n a manner of
well following the outer surface of the vehicle body includ-
ing the corner portion. The airflow may not be prevented
from blowing out from the corner portion toward an outer
side 1n a vehicle width direction. The vehicle needs to be
improved 1n order to cause the airflow to flow 1n a manner
of well following the outer surface of the vehicle body.

JP-A No. 2013-166212 discloses that an embossing pat-
tern 1s formed on an entire outer surface of a front spoiler in
order to make scratches on the front spoiler inconspicuous.

Japanese Patent No. 6435434 discloses that a sheet mem-
ber for reducing air resistance 1s attached to a surface of a
vehicle body.

SUMMARY

An aspect of the present disclosure provides a vehicle
including an embossed surface for improving aerodynamic
characteristics. The vehicle includes a front bumper member
provided at a lower portion of a front surface of a vehicle
body of the vehicle. On a surface of a side surface portion
of the front bumper member, an embossed surface having a
directional pattern for assisting an airflow to direct in one
direction along the surface 1s formed. The one direction 1s
raised rearward relative to a front-rear direction of the
vehicle body.

An aspect of the present disclosure provides a front
bumper member to be provided at a lower portion of a front
surface of a vehicle body of a vehicle. The front bumper
member includes an embossed surface formed on a surface
of a side surface portion of the front bumper member. The
embossed surface includes a directional pattern for assisting

10

15

20

25

30

35

40

45

50

55

60

65

2

an airtlow to direct 1n one direction along the surface. The
embossed surface 1s tormed such that the one direction 1s

raised rearward relative to a ftront-rear direction of the
vehicle body.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the disclosure and are incorporated
in and constitute a part of the specification. The drawings
illustrate an embodiment and, together with the specifica-
tion, serve to explain the principles of the disclosure.

FIG. 1A 1s a plan view showing an automobile according,
to an embodiment.

FIG. 1B 1s a left side view showing the automobile 1n FIG.
1A.

FIG. 2 1s a schematic view showing an embossed surface
having a directional pattern that can be formed on a front
bumper member of the automobile 1n FIG. 1A.

FIG. 3A 1s a view showing an airflow at a side surface
portion of the front bumper member on which the embossed
surface having the directional pattern 1n FIG. 2 1s formed.

FIG. 3B 1s a schematic horizontal cross-sectional view
showing the side surface portion of the front bumper mem-
ber on which the embossed surface having the directional

pattern in FIG. 3A 1s formed.

FIG. 4 1s a view showing a traveling state of the auto-
mobile 1n which aerodynamic characteristics are improved
by the embossed surface 1 FIG. 3A.

FIG. 5 15 a view showing the embossed surface formed on
the front bumper member.

FIG. 6 1s a comparative view showing a case where the
embossed surface having a directional pattern 1s formed as
shown 1 FIGS. 3A and 3B and a case where the embossed
surface having a directional pattern 1s formed as shown 1n

FIG. 5.

DESCRIPTION OF EMBODIMENTS

The mventors have tried to form an embossed surface
having a directionality along a front-rear direction of a
vehicle body on a surface of a corner portion of a front
bumper member provided at a front portion of the vehicle
body.

According to the embossed surface along the front-rear
direction, an airflow flowing along the front-rear direction of
the vehicle body 1s likely to flow 1n a manner of following
an outer surface of the corner portion when the airtlow tlows
on the embossed surface of the corner portion. An airtlow
that blows out from the corner portion toward an outer side
in a vehicle width direction 1s reduced. A characteristic of
the airflow following the outer surface of the vehicle body
1s 1mproved.

However, 1t has been newly found that an occupant such
as a driver of a vehicle may feel strangeness about, for
example, steering stability and steering responsiveness of
the vehicle body due to the formation of the embossed
surface having the directionality along the front-rear direc-
tion of the vehicle body on the surface of the corner portion
of the front bumper member.

This strange feeling 1s not recognized as a remarkable
feeling that lowers the steering stability and the steering
responsiveness of the vehicle as compared with a case where
the embossed surface 1s not provided, but this strange feeling
can be felt, for example, when steering 1s performed during
straight traveling.
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As described above, 1t 1s desirable to improve an airflow
around the vehicle body by the embossed surface in a
vehicle, so that an occupant such as a driver of the vehicle
does not feel strangeness about, for example, the steering
stability and the steering responsiveness of the vehicle body.

In the following, some embodiments of the disclosure are
described 1n detail with reference to the accompanying
drawings. Note that the following description 1s directed to
illustrative examples of the disclosure and not to be con-
strued as limiting to the disclosure. Factors including, with-
out limitation, numerical values, shapes, materials, compo-
nents, positions of the components, and how the components
are coupled to each other are illustrative only and not to be
construed as limiting to the disclosure. Further, elements 1n
the following example embodiments which are not recited in
a most-generic independent claim of the disclosure are
optional and may be provided on an as-needed basis. The
drawings are schematic and are not intended to be drawn to
scale. Throughout the present specification and the draw-
ings, elements having substantially the same function and
configuration are denoted with the same numerals to avoid
any redundant description.

FIG. 1A 1s a plan view showing an automobile 1 accord-
ing to an embodiment.

FIG. 1B 1s a left side view showing the automobile 1 in
FIG. 1A.

The automobile 1 1s an example of a vehicle.

The automobile 1 1n FIGS. 1A and 1B has a vehicle body
2. The automobile 1 can travel forward or rearward by a
manual operation of an occupant or by autonomous driving.
The automobile 1 can travel 1n a right front direction, a left
front direction, a rnight rear direction, and a leit rear direction
by steering.

Airflows tlowing along a shape of the vehicle body 2 are
generated around the vehicle body 2 during traveling as
indicated by dashed arrows 1n the drawings. Air at a trav-
cling direction side of the vehicle body 2 hits a front bumper
member 10 that 1s provided on a front surface 3 of the
vehicle body 2, and then 1s divided toward left and right side
surfaces 4 and S and an upper surface of the vehicle body 2
and flows along the side surfaces 4 and S and the upper
surface of the vehicle body 2, and airflows join at a rear side
of the vehicle body 2. A slight vortex flow 1s generated at the
rear side of the vehicle body 2 due to the entrainment of the
airtlows. These airflows are one factor that hinders traveling
of the automobile 1.

The front bumper member 10 1s provided at a lower
portion of the front surface 3 of the vehicle body 2. The front
bumper member 10 1s, for example, a component formed of
a resin material.

The front bumper member 10 i1ncludes a front surface
portion 11 constituting the front surface 3 of the vehicle
body 2, and side surface portions 12 at left and right sides
of the front surface portion 11 1n a vehicle width direction of
the vehicle body 2. Each of the side surface portions 12
extends to a wheel house 6 for a front wheel.

Both left and right end portions of the front surface
portion 11 of the front bumper member 10 are lowered to a
rear side from a central portion. The left and right end
portions are inclined surfaces that do not face the traveling
direction.

Corner portions where the front face portion 11 and the
left and right side surface portions 12 of the front bumper
member 10 are connected are formed into a smooth curved
surface shape.

Since the front bumper member 10 has such an outer
shape, after air at the traveling direction side of the vehicle
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body 2 hits the front bumper member 10 provided on the
front surtace 3 of the vehicle body 2, the air 1s likely to tlow
along the outer shape of the front bumper member 10. A CD
value (Coellicient of Drag value) and the like can be
improved.

However, even when the shape of the vehicle body 2 such
as the front bumper member 10 1s devised, 1t cannot be said
that the airflow flows 1n a manner of well following the outer
surface of the vehicle body 2 including the corner portions.

As indicated by “X” 1n the drawing, it cannot be said that
it 1s possible to sufliciently prevent an airflow from blowing
out from the corner portions toward an outer side in the
vehicle width direction. The vehicle needs to be improved 1n
order to cause an airtflow to flow 1 a manner of well
following the outer surface of the vehicle body 2.

Therelfore, on at least the entire surface of each of the side
surface portions 12 of the front bumper member 10, an
embossed surface 20 that has a directionality for assisting an
airflow to flow along the surface in one direction than in
another direction 1s formed 1n the present embodiment.

In the present embodiment, the embossed surface 20
having such directionality controls an airflow and improves
acrodynamic characteristics of the automobile 1.

FIG. 2 1s a schematic view showing the embossed surface
20 having the directional pattern that can be formed on the
front bumper member 10 of the automobile 1 1n FIG. 1A.

The embossed surface 20 1n FIG. 2 includes a base surface
21 and a plurality of minute protruding portions 22 formed
in a manner of protruding from the base surface 21.

The base surface 21 may be an outer surface of the front
bumper member 10. In this case, the embossed surface 20
may be formed simultaneously with the front bumper mem-
ber 10 during molding of the front bumper member 10. The
base surface 21 may be a sheet attached to an outer surface
of the front bumper member 10.

The plurality of protruding portions 22 include a plurality
of elongated protrusions. Each of the elongated protrusions
22 may have a long elliptical shape with both ends in the
longitudinal direction rounded. The elongated protrusion 22
may have, for example, a cubic shape having a quadrangular
Cross section.

Some of the plurality of protruding portions 22 may not
have an elongated shape, and may have, for example, a
regular cubic shape or a columnar shape.

The plurality of protruding portions 22 are formed side by
side on the entire base surface 21 1n a short-side direction
and a long-side direction of the elongated shape.

A protruding height of the protruding portion 22 from the
base surface 21 may be, for example, several micrometers or
more.

First recessed portions 23 which are minute are formed
between elongated protrusions 22 among the plurality of
protruding portions 22 which are adjacent 1n the short-side
direction of the elongated shape. Each of the first recessed
portions 23 linearly extends along the long-side direction of
the elongated protrusions 22 on the entire base surface 21.

Second recessed portions 24 which are minute are formed
between elongated protrusions 22 among the plurality of
protruding portions 22 which are adjacent 1n the long-side
direction of the elongated shape. The second recessed por-
tions 24 are formed 1in a manner 1n which one of the second
recessed portions 24 1s shifted 1in the long-side direction
relative to another of the second recessed portions 24 formed
between other elongated protrusions 22 adjacent 1n the
short-side direction of the elongated shape among the plu-
rality of protruding portions 22. In particular, in order to
obtain uniform airflow characteristics over the entire base
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surface 21, the plurality of second recessed portions 24 are
tformed over the entire base surface 21 1n a constant pattern
in which the second recessed portions 24 are bent in the
short-side direction in the present embodiment. Accordingly,
each of the second recessed portions 24 is not formed in a >
manner of linearly extending over the entire base surface 21
along the short-side direction.

In the embossed surface 20 having such a surface struc-
ture, an airflow 1n a direction along the long-side direction
of the elongated protrusions 22 becomes an airtlow along the
directional pattern, so that the airflow 1s likely to flow on the
embossed surface 20.

On the other hand, an airflow 1n a direction along the
short-side direction of the elongated protrusions 22 1s less
likely to flow on the embossed surtace 20.

As described above, the embossed surface 20 having the
directional pattern in FIG. 2 have a directionality 1n which
an airflow flowing along a surface of the embossed surface
20 1s likely to flow 1n one direction and 1s less likely to flow 2g
in another direction.

FIG. 3A 1s a view showing an airtlow at the side surface
portion 12 of the front bumper member 10 on which the
embossed surface 20 having the directional pattern 1n FIG.

2 1s formed. 25

FIG. 3A 1s a schematic view corresponding to A-A cross
section of FIG. 2 showing the embossed surtace 20 formed
on the side surface portion 12 of the front bumper member
10 as viewed from a front side of the automobile 1. In FIG.
3A, an upper-lower direction of the paper surface coincides 30
with the short-side direction of the elongated protrusion 22.

In this case, the embossed surface 20 having the direc-
tional pattern for assisting an airflow to flow 1n a direction
along a front-rear direction of the vehicle body 2 1s formed
over the entire surface of the side surface portion 12 of the 35
front bumper member 10 provided at a front portion of the
vehicle body 2.

As shown in FIG. 3A, when an airtlow tlowing on the side
surfaces 4 and 5 of the vehicle body 2 flows on the embossed
surface 20, a longitudinal vortex 32 i1s generated between a 40
main flow 31 that flows along the side surfaces 4 and 5 of
the vehicle body 2 and a surface of the embossed surface 20.
The longitudinal vortex 32 1s formed on a surface of the
protruding portion 22 for each protruding portion 22. The
flow imnduced by the longitudinal vortex 32 1s less likely to 45
flow 1into the first recessed portion 23. A contact area
between the embossed surface 20 and the airflow 1s reduced
by a width of the first recessed portion 23. Frictional
resistance of the airflow relative to the embossed surface 20
1s reduced. 50

FIG. 3B 1s a schematic horizontal sectional view showing
the side surface portion 12 of the front bumper member 10
on which the embossed surtace 20 having the directional
pattern 1n FIG. 3A 1s formed. The directional pattern of the
embossed surface 20 1 FIG. 3B 1s a directional pattern for 55
assisting an airflow to flow 1n a direction along the front-rear
direction of the vehicle body 2. In FIG. 3B, a left-nght
direction of the paper surface coincides with the long-side
direction of the elongated protrusion 22.

Different from the case shown in FIG. 3B, 1n a case where 60
the embossed surface 20 1s not formed on the side surface
portion 12 of the front bumper member 10, the main tlow 33
that flows along the side surface portion 12 of the front
bumper member 10 flows in a manner 1n which the airflow
1s slightly separated away from the surface of the side 65
surface portion 12 as indicated by a dash-dot line 1n the
drawing.
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On the other hand, when the embossed surface 20 1s
formed on the side surface portion 12 of the front bumper
member 10 as shown 1n FIG. 3B, the frictional resistance of
the airflow relative to the embossed surface 20 1s reduced.
As a result, the main flow 31 that flows along the side
surface portion 12 of the front bumper member 10 flows 1n
a manner in which the airflow 1s close to the surface of the
side surface portion 12 as indicated by a solid line in the
drawing.

In this manner, the embossed surface 20 1s formed on the
side surface portion 12 of the front bumper member 10, and
the directionality of the embossed surface 20 1n one direc-
tion 1s a direction along the front-rear direction of the vehicle
body 2, so that the airflow flows 1 a manner of well
following a surtace shape of the side surface portion 12 of
the front bumper member 10. It 1s possible to positively
prevent the airflow from blowing out from the corner
portions of the front bumper member 10 toward an outer side
in the vehicle width direction. The airtlow tlows 1n a manner
of well following the outer surface of the vehicle body 2.

FIG. 4 1s a view showing a traveling state of the auto-
mobile 1 1n which aecrodynamic characteristics are improved
by the embossed surface 20 1n FIG. 3A.

In FIG. 4, the automobile 1 1n which the embossed surface
20 having the directional pattern 1n FIG. 2 1s formed on a
surface of the side surface portion 12 of the front bumper
member 10 as shown 1n FIG. 3A travels on a straight road.

As shown in FIG. 4, when steering for changing a position
of the automobile 1 1n the vehicle width direction 1s per-
formed during straight traveling, the automobile 1 changes
a direction to the right at a point P1 during straight traveling,
and then changes a direction to the leit at a point P2. A
posture of the vehicle body 1s changed during a steering
period. At a point P3 after the steering 1s completed, the
automobile 1 returns to travel 1n a straight traveling direc-
tion, and a posture of the vehicle body i1s stabilized.

Such steering during straight traveling may cause an
occupant such as a driver of the automobile 1 to feel
strangeness about a behavior of the vehicle body 2, for
example, about steering stability and steering responsive-
ness.

For example, an occupant such as a driver of the auto-
mobile 1 may have an strange feeling such as a reduction of
a ground contact feeling at the front of vehicle body 2, a
reduction 1n response to steering, a reduction 1n responsive-
ness to steering, and a prolongation of a damping property
ol a posture change of the automobile 1 during steering 1n
straight traveling.

These strange feelings are not recognized as remarkable
feelings that lower the steering stability and the steering
responsiveness of the automobile 1 as compared with a case
where the embossed surface 20 1s not provided, and these
strange feelings are subtle feelings.

FIG. § 1s a view showing the embossed surface 20 formed
on the side surface portion 12 of the front bumper member
10 1n the present embodiment.

In the present embodiment, as shown 1 FIG. 5, the
embossed surface 20 having the directional pattern 1n FIG.
2 1s formed such that the directionality of the embossed
surface 20 1n one direction does not have angle of 0 degrees
along the front-rear direction of the vehicle body 2 as shown
in FIG. 3A, but has a rear raising angle relative to the
front-rear direction of the automobile 1.

In one example, the embossed surface 20 1s formed such
that the first recessed portion 23 that extends linearly 1n the
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embossed surface 20 has a rear raising angle of, for example,
20 degrees, relative to the front-rear direction of the vehicle
body 2.

The embossed surtace 20 1s formed on the entire surface
of the side surface portion 12 of the front bumper member
10 provided at the front portion of the vehicle body 2.

Accordingly, even when steering or the like 1s performed
during straight traveling, an occupant such as a driver of the
automobile 1 does not feel strangeness about the behavior of
the vehicle body 2, for example, about the steering stability
or the steering responsiveness.

An occupant such as a driver of the automobile 1 does not
have a strange feeling such as a reduction of ground contact
teeling at the front of vehicle body 2, a reduction in response
to steering, a reduction in responsiveness to steering, and a
prolongation of a damping property of a posture change of
the automobile 1 when steering 1s performed during straight
traveling.

Pitching of the automobile 1 may occur not only during
steering but also due to road surface disturbance or the like.
The road surface disturbance may occur even when the
automobile 1 travels straight. A behavior change of the
automobile 1 at the time of such pitching does not give an
occupant such as a driver of the automobile 1 an strange
feeling.

Although 1t 1s diflicult to quantitatively describe a cause
of such a strange feeling, a qualitative example will be
described below.

FIG. 6 1s a comparative view showing a case where the
embossed surface 20 having a directional pattern 1s formed
as shown 1n FIG. 2 and a case where the embossed surface
20 having a directional pattern 1s formed as shown 1n FIG.
5 according to the present embodiment.

An upper part in FIG. 6 shows a direction change due to
a posture change of the vehicle body 2 with respect to the
embossed surface 20 having a directionality along the front-
rear direction of the vehicle body 2 i FIG. 2.

A lower part shows a direction change due to a posture
change of the vehicle body 2 with respect to the embossed
surface 20 having a directionality that has a rear raising
angle relative to the front-rear direction of the vehicle body
2 as shown 1n FIG. 5.

In FIG. 6, a plurality of elongated protrusions formed on
the embossed surface 20 are arranged side by side in the
short-side direction of the protruding portions.

A left part of each stage 1s a neutral state 1n which no
steering or the like 1s performed. In the neutral state, the
vehicle body 2 may be horizontal and parallel to a road
surface.

A center part of each stage 1s a state in which the vehicle
body 2 1s lowered forward, that 1s, raised rearward, due to
steering or the like.

The vehicle body 2 1s changed from a horizontal posture
in the neutral state to a posture in which a pitch is rotated 1n
a forward direction.

A night part of each stage 1s a state 1n which the vehicle
body 2 1s raised forward, that 1s, lowered rearward, due to
steering or the like.

The vehicle body 2 1s changed from a horizontal posture
in the neutral state to a posture in which a pitch 1s rotated 1n
a rearward direction.

In the embossed surface 20 having the directionality along
the front-rear direction of the vehicle body 2 as shown in the
upper part in FIG. 6, the plurality of elongated protrusions
have the directionality along the front-rear direction of the
vehicle body 2 1n the neutral state shown in the left part. In
this case, an airflow tlowing from a front side to a rear side
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on the side surfaces 4 and 5 of the vehicle body 2 tlows
substantially parallel to a longitudinal direction of the pro-
truding portions. Neither a pushing-down force nor a push-
ing-up force 1s generated by the airflow on the embossed
surtace 20.

When a posture of the vehicle body 2 1s changed to a
posture in which the vehicle body 2 1s lowered forward, that
1s, raised rearward, the plurality of elongated protrusions are
in a posture 1 which the protruding portions are raised
rearward relative to a direction along the front-rear direction
of the vehicle body 2. In this case, an airtlow tlowing from
the front side to the rear side on the side surfaces 4 and 5 of
the vehicle body 2 may generate a pushing-down force on
the embossed surface 20.

On the other hand, when a posture of the vehicle body 2
1s changed to a posture 1n which the vehicle body 2 1s raised
forward, that 1s, lowered rearward, the plurality of elongated
protrusions are 1n a posture 1 which the protruding portions
are lowered rearward relative to the direction along the
front-rear direction of the vehicle body 2. In this case, an
airflow flowing from the front side to the rear side on the side
surfaces 4 and 5 of the vehicle body 2 may generate a
pushing-up force on the embossed surface 20. The pushing-
up force 1s a force for lifting up the vehicle body 2.

In this manner, a force for changing a posture of the
vehicle body 2 so as to lift up or push down the vehicle body
2 can be applied 1n accordance with a change 1n a posture
(pitch) of the vehicle body 2 on the embossed surface 20
having the directionality along the front-rear direction of the
vehicle body 2.

In the vehicle body 2 whose posture 1s changed during
steering, for example, as shown 1n FIG. 4, an outer front side
of the vehicle body 2 1s lowered, and a rear inner side of the
vehicle body 2 1s raised 1n {irst steering. In second reverse
steering, an inner front side of the vehicle body 2 is raised
and a rear outer side of the vehicle body 2 1s lowered. During
a steering period, a change direction of a posture of the
vehicle body 2 1s switched between an upper side and a
lower side.

As a result, a force that pushes down a front portion of the
vehicle body 2 acts on the vehicle body 2 1n the first steering,
and a force that pushes up (a force that lifts up) the front
portion of the vehicle body 2 acts on the vehicle body 2 1n
the second reverse steering. During the steering period, there
1s a change point where the directionality of the force acting
on the vehicle body 2 changes.

Since a behavior manner of the vehicle body 2 changes
before and after the change point, it 1s considered that an
occupant such as a driver of the automobile 1 feels strange-
ness about the behavior of the vehicle body 2, for example,
about the steering stability and the steering responsiveness,
when steering or the like 1s performed during straight
traveling.

On the embossed surface 20 having a directionality that
has a rear raising angle relative to the front-rear direction of
the vehicle body 2 shown 1n the lower part in FIG. 6, 1n the
neutral state shown 1n the left part, the plurality of elongated
protrusions have a directionality that has a rear raising angle
relative to the front-rear direction of the vehicle body 2. In
this case, an airflow flowing from the front side to the rear
side on the side surfaces 4 and 3 of the vehicle body 2 may
generate a pushing-down force on the embossed surface 20.

When a posture of the vehicle body 2 1s changed to a
posture in which the vehicle body 2 1s lowered forward, that
1s, raised rearward, the plurality of elongated protrusions are
in a posture 1 which the protruding portions are raised
rearward at a large angle relative to the direction along the
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front-rear direction of the vehicle body 2. In this case, an
airtlow tlowing from the front side to the rear side on the side
surfaces 4 and 5 of the vehicle body 2 may generate a
pushing-down force on the embossed surface 20.

When a posture of the vehicle body 2 1s changed to a
posture in which the vehicle body 2 1s raised forward, that
1s, the vehicle body 2 1s lowered rearward, the plurality of
clongated protrusions are 1n a posture 1n which the protrud-
ing portions are raised rearward at a small angle relative to
the direction along the front-rear direction of the vehicle
body 2.

In this case, an airtlow flowing {from the front side to the
rear side on the side surfaces 4 and 5 of the vehicle body 2
may generate a pushing-down force on the embossed surtace
20.

As described above, on the embossed surface 20 having
the directionality that has a rear raising angle relative to the
front-rear direction of the vehicle body 2, even when a
posture (pitch) of the vehicle body 2 1s changed, a force for
pushing down the vehicle body 2 continues to act on the
vehicle body 2 while constantly maintaining a state of
having a rear raising angle relative to the front-rear direction
of the vehicle body 2.

Even when steering 1s repeatedly performed, a direction
of a force acting on the vehicle body 2 during the steering
pertod 1s maintained 1 a direction of pushing down the
vehicle body 2, and 1t 1s difficult to change the direction of
the force.

Since there 1s no change point, a behavior manner of the
vehicle body 2 may continue to be continuous. An occupant
such as a driver of the automobile 1 does not feel strangeness
about the behavior of the vehicle body 2, for example, about
the steering stability and the steering responsiveness, when
steering or the like 1s performed during straight traveling.

As described above, 1n the present embodiment, the
embossed surface 20 having the directional pattern in which
an airtflow 1s more likely to flow 1n one direction along the
surface than in another direction 1s formed on the entire
surface of the side surface portion 12 of the front bumper
member 10 provided at a lower portion of the front surface
3 of the vehicle body 2. The embossed surface 20 1s formed
such that the one direction 1in which the airtlow 1s likely to
flow 1s raised rearward relative to the front-rear direction of
the vehicle body 2. Accordingly, similar to a case 1n which
the embossed surface 20 1s formed such that the one direc-
tion 1s the front-rear direction of the vehicle body 2, the
airtlow 1s likely to flow 1n a manner of following the shape
of the side surface portion 12 of the front bumper member
10. After the air at a traveling direction side of the vehicle
body 2 hits the front surface 3 of the vehicle body 2 and
flows toward the side surfaces 4 and 3 of the vehicle body
2, the airflow 1s less likely to blow out from a corner portion
of the vehicle body 2 toward an outer side 1n the vehicle
width direction. The air at the traveling direction side of the
vehicle body 2 1s likely to tlow 1n a manner of following the
shape of the vehicle body 2 including the corner portion of
the vehicle body 2.

In the present embodiment, the embossed surface 20 1s
formed such that the one direction in which an airtlow 1s
likely to flow 1s not the front-rear direction of the vehicle
body 2, but a direction raised rearward relative to the
front-rear direction of the vehicle body 2. Accordingly, for
example, even when steering 1s performed during straight
traveling of the automobile 1, an occupant such as a driver
of the automobile 1 1s less likely to have an strange feeling
about, for example, the steering stability and the steering
responsiveness ol the vehicle body 2.
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This 1s because that the one direction of the embossed
surface 20 1s formed 1n a manner of being raised rearward
relative to the front-rear direction of the vehicle body 2, so
that even when a posture of the vehicle body 2 1s changed
to an 1nclined posture due to steering 1n straight traveling,
the one direction of the embossed surface 20 can be main-
tained 1n a state 1n which the one direction of the embossed
surtace 20 1s raised rearward relative to the Iront-rear
direction of the vehicle body 2, or can be maintained 1n a
state 1n which the one direction of the embossed surface 20
1s at least substantially the front-rear direction of the vehicle
body 2. This 1s because that an airtlow that flows 1n a manner
of following an outer surface of the vehicle body 2 1n
accordance with the directionality of the embossed surface
20 during straight traveling can continue to maintain the
same tlow as before even when a posture of the vehicle body
2 1s changed by steering. This 1s because that even when the
vehicle body 2 returns to straight traveling after a posture of
the vehicle body 2 i1s changed by steering, the airflow that
flows 1n a manner of following the outer surface of the
vehicle body 2 1n accordance with the directionality of the
embossed surface 20 during the posture change can continue
to maintain the same flow as before.

As a result, even at the time of steering during straight
traveling, a ground contact feeling at the front of the vehicle
body 2 can be stabilized, a response to steering can be stably
improved, responsiveness to steering can be improved, and
a damping property of a posture change of the automobile 1
can be improved in the present embodiment. An occupant
such as a driver of the automobile 1 1s less likely to feel
strangeness about the steering stability, the steering respon-
siveness, and the like of the vehicle body 2.

On the other hand, for example, in a case where the one
direction of the embossed surface 20 1s formed 1n a manner
in which the one direction 1s along the front-rear direction of
the vehicle body 2 or 1s formed in a manner in which the one
direction 1s lowered rearward relative to the front-rear
direction of the vehicle body 2, when a posture of the vehicle
body 2 1s changed by steering during straight traveling, the
directionality of the embossed surface 20 may be changed so
as to be lowered rearward or raised rearward relative to the
front-rear direction of the vehicle body 2 1 accordance with
the posture change. When the directionality of the embossed
surface 20 1s changed in such a manner, a direction of an
airflow tlowing on the embossed surface 20 1s changed to be
upward or downward. The direction of the airtlow 1s
changed 1n a disturbed manner. When such a change of the
airflow occurs due to steering during straight traveling, a
force for changing a posture of the vehicle body 2 so as to
l1tt up or push down the vehicle body 2 acts on the vehicle
body 2 whose posture 1s changed by steering. As a result, an
occupant such as a driver of the automobile 1 feels strange-
ness about, for example, the steering stability and the
steering responsiveness of the vehicle body 2, when steering,
or the like 1s performed during straight traveling. An occu-
pant such as a driver of the automobile 1 has an strange
feeling such as a reduction of a ground contact feeling at the
front of vehicle body 2, a reduction 1n response to steering,
a reduction 1n responsiveness to steering, and a prolongation
of a damping property of a posture change of the automobile
1 when steering 1s performed during straight traveling. In
contrast thereto, 1n accordance with the embodiments, an
occupant such as a driver of the automobile 1 does not feel
strangeness due to a behavior change of the automobile 1 not
only at the time of pitching of the automobile 1 during
steering but also at the time of pitching due to road surface
disturbance or the like.
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The above-described eflects can be obtained without
greatly changing an exterior design (shape) of the vehicle
body 2 or adding a large acrodynamic part to the vehicle
body 2 in the present embodiment.

The embodiment described above 1s an example of a
preferred embodiment of the present disclosure, the present
disclosure 1s not limited thereto, and various modifications
or changes can be made without departing from the gist of
the disclosure.

For example, in the embodiment described above, the
embossed surface 20 having the directional pattern 1s formed
on the surface of the side surface portion 12 of the front
bumper member 10 provided at the lower portion of the front
surface 3 of the vehicle body 2.

On the other hand, for example, the embossed surface 20
having the directional pattern may be formed on a surface of
the side surface portion 12 and on a surface of the front
surface portion 11 of the front bumper member 10. The
embossed surface 20 that does not have the directional
pattern may be formed on the surface of the front surface
portion 11 of the front bumper member 10.

Since the embossed surface 20 having the directional
pattern 1s formed on at least the surface of the side surface
portion 12 of the front bumper member 10, the same eflects
as those 1 the embodiment described above can be
achieved.

In the embodiment described above, the directionality of
the embossed surface 20 1s formed such that one direction of
the embossed surface 20 1s raised rearward at an angle of 20
degrees relative to the front-rear direction of the vehicle
body 2.

On the other hand, for example, the directionality of the
embossed surface 20 may be formed such that one direction
of the embossed surface 20 has an angle at which one
direction of the embossed surface 20 can be maintained to be
raised rearward during a posture change of the vehicle body

2 that may occur during normal traveling of the automobile
1.

For example, the directionality of the embossed surface
20 may be formed such that one direction of the embossed
surface 20 1s raised rearward at an angle larger than 20
degrees.
For example, the directionality of the embossed surface
20 may be formed such that one direction of the embossed
surface 20 1s raised rearward at an angle 1 a range of 10
degrees or more and 40 degrees or less.
What 1s claimed 1s:
1. A vehicle including an embossed surface for improving
acrodynamic characteristics, the vehicle comprising:
a front bumper member provided at a lower portion of a
front surface of a vehicle body of the vehicle,

wherein on a surface of a side surface portion of the front
bumper member, an embossed surface including a
directional pattern for assisting an airflow to direct 1n
one direction along the surface 1s formed, and

wherein the one direction 1s raised rearward relative to a

front-rear direction of the vehicle body.

2. The wvehicle according to claim 1, wherein the
embossed surface includes protruding portions that protrude
from a base surface,

wherein the protruding portions includes elongated pro-

trusions each having an elongated shape,

wherein the elongated protrusions respectively have

short-sides and long-sides, the short-sides of the elon-
gated protrusions direct mn a first direction, and the
long-sides of the elongated protrusions direct in a
second direction,
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wherein a first recessed portion that linearly extend along
the second direction 1s formed between {first ones of the
clongated protrusions, the first ones of the elongated
protrusions being adjacent each other in the first direc-
tion, and

wherein the first recessed portions linearly extend at an

angle raised rearward relative to the front-rear direction
of the vehicle body.

3. The vehicle according to claim 2, wherein second
recessed portions are formed between second ones of the
clongated protrusions, the second ones of the elongated
protrusions being adjacent each other 1n the second direc-
tion, and

one of the second recessed portions 1s shifted with respect

to another one of the second recessed portions 1n the
second direction.

4. The vehicle according to claim 2, wherein the second
recessed portions are formed 1n a pattern in which the second
recessed portions are bent 1n the first direction.

5. The vehicle according to claim 3, wherein the second
recessed portions are formed 1n a pattern in which the second
recessed portions are bent 1n the first direction.

6. The vehicle according to claim 1, wherein the
embossed surface 1s formed such that the one direction 1s
maintained in a state of being raised rearward relative to the
front-rear direction of the vehicle body even when a posture
of the vehicle body 1s changed during traveling.

7. The vehicle according to claim 2, wheremn the
embossed surface 1s formed such that the one direction is
maintained 1n a state of being raised rearward relative to the
front-rear direction of the vehicle body even when a posture
of the vehicle body 1s changed during traveling.

8. The vehicle according to claim 3, wheremn the
embossed surface 1s formed such that the one direction 1s
maintained 1n a state of being raised rearward relative to the
front-rear direction of the vehicle body even when a posture
of the vehicle body 1s changed during traveling.

9. The vehicle according to claam 4, wherein the
embossed surface 1s formed such that the one direction 1s
maintained 1n a state of being raised rearward relative to the
front-rear direction of the vehicle body even when a posture
of the vehicle body 1s changed during traveling.

10. The vehicle according to claim 5, wherein the
embossed surface 1s formed such that the one direction is
maintained 1n a state of being raised rearward relative to the
front-rear direction of the vehicle body even when a posture
of the vehicle body 1s changed during traveling.

11. A front bumper member to be provided at a lower
portion of a front surface of a vehicle body of a vehicle, the
front bumper member comprising:

an embossed surface formed on a surface of a side surface

portion of the front bumper member,

wherein the embossed surface includes a directional pat-

tern for assisting an airflow to direct in one direction
along the surface,

wherein the embossed surface 1s formed such that the one

direction 1s raised rearward relative to a front-rear
direction of the vehicle body.

12. The front bumper member according to claim 11,
wherein the embossed surface 1includes protruding portions
that protrude from a base surface,

wherein the protruding portions includes elongated pro-

trusions each having an elongated shape,

wherein the elongated protrusions respectively have

short-sides and long-sides, the short-sides of the elon-
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gated protrusions direct m a first direction, and the
long-sides of the elongated protrusions direct in a
second direction,

wherein a first recessed portion that linearly extend along

the second direction 1s formed between first ones of the
clongated protrusions, the first ones of the elongated
protrusions being adjacent each other in the first direc-
tion, and

wherein the first recessed portions linearly extend at an

angle raised rearward relative to the front-rear direction
of the vehicle body.

13. The front bumper member according to claim 12,
wherein second recessed portions are formed between sec-
ond ones of the elongated protrusions, the second ones of the
clongated protrusions being adjacent each other in the
second direction, and

one of the second recessed portions 1s shifted with respect

to another one of the second recessed portions 1n the
second direction.

14. The front bumper member according to claim 12,
wherein the second recessed portions are formed 1n a pattern
in which the second recessed portions are bent in the first
direction.
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15. The front bumper member according to claim 13,
wherein the second recessed portions are formed 1n a pattern
in which the second recessed portions are bent in the first
direction.

16. The front bumper member according to claim 11,
wherein the embossed surface 1s formed such that the one
direction 1s maintained 1n a state of being raised rearward
relative to the front-rear direction of the vehicle body even
when a posture of the vehicle body 1s changed during
traveling.

17. The front bumper member according to claim 12,
wherein the embossed surface 1s formed such that the one
direction 1s maintained in a state of being raised rearward
relative to the front-rear direction of the vehicle body even
when a posture of the vehicle body i1s changed during
traveling.

18. The front bumper member according to claim 13,
wherein the embossed surface 1s formed such that the one
direction 1s maintained 1n a state of being raised rearward
relative to the front-rear direction of the vehicle body even
when a posture of the vehicle body 1s changed during
traveling.
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